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RESULTS OF AN EXPERIMENTAL AERODYNAMIC 





INVESTIGATION TO OBTAIN STATIC STABILITY AND CONTROL 
CHARACTERISTICS OF THE SSV CONFIGURATIONS 
, 2A(VL70~-000089B) MODEL 1 AND 3(VL70-000139B) MODEL 2 
ORBITERS AT MACH NUMBERS OF 2.5, 3.9 AND 4.6 IN 


THE NASA LaRC 4 X 4-FOOT UPWT (OAL4) 


By 


V. Esparza and M. Milam, Rockwell International 
Space Division 


ABSTRACT 


Investigation of Space Shuttle Orbiter configurations 2A(VL70-000089B) 

and 3(VL70-000139B) was performed at the Langley Research Center Unitary 
os Plan Wind Tunnel (UPWI) from June 1, 1973,to June 15, 1973,for 60 test 

hours. The primary test objectives were to obtain stability and control 
characteristics for Configurations 2A and 3 and an alternate forebody used 
with Configuration 3. In addition, hinge moments were measured on the 
elevons and rudder for Configuration 2A only. 

The configurations were tested at Mach Numbers 2.5, 3.9 and 4.6. 
Pitch runs were made at angles of attack from -4 to 44° and sideslip angles 
from -4 to +6. Static pressures were measured at the fuselage base for use 


in force data correction. 
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INDEX OF DATA FIGURES (Concluded) 


PLOTTED COEFFICIENTS SCHEDULE: 


(A) 
(B) 
(C) 


(D) 
(E) 
(F) 
(G) 
(H) 


(I). 


(J) 
(K) 
(L) 
(M) 


CL, CD, CDF, CN, CLM versus ALPHA, CL & CN versus CLM, CL versus 
CD, CA, CAF, CAS, L/D, XCP/L & CLMAFT versus ALPHA 


CLAFO, CDAFO, COFAFO, CLMAFO, CLMCLO, L/DMAX & AFLDFX, CLLDMX 
versus MACH | : 


CA, CAF, CAB, L/D, XCP/L, CLMAFT, CL, CD, COF, CN, CLM, L/DMAX 
& AFLDOFX versus MACH 


CY, CYN, & CBL versus ALPHA 

DCY/DB, DCYNDB & DCBLOB versus ALPHA 
CY, CYN & CBL versus BETA 

CHET versus ALPHA 

CHR versus ALPHA 

CHRDR versus ALPHA 

CHRDOR versus MACH 

CHROLB versus ALPHA 

CHROLB versus MACH 

CHR versus BETA 
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NOMENCLATURE 
Generel 


DEFINITION 
speed of sound; m/sec, ft/sec 
pressure coefficient; (mp - Po)/a 





Mech number; V/a 
pressure; N/m“, psf 
dynamic pressure; 1/2pV*, n/n®, pst 


unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 

engle of atteck, degrees 

angle of sideslip, degrees . 


engle of yew, degrees 


‘angle of roll, degrees 


mess density; kg/m), slugs/ft? 


Reference & C.G. Definitions 





4 
Sango 


bese eres; E¢, ft? 
wing spen or reference spen; m, ft 
center of grevity 


reference length or wing mean 
eerodynemic chord; m, ft 


wing eres or reference sree; m* » rt? 
moment reference point 

moment reference point on X exis 
moment reference point on Y exis 


moment reference point on Z axis 


bese 

locel 

stetic conditions 
totel conditions 
free streen 
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MOMBICLATURE (Continued ) 
Axis tem 


DEYENITrON 


normal-force coefficient; a 





axiel-force coefficient; ee Force 


side-force coefficient; Side force 


bese-ferce coefficient; dese force 
ohy(Py - Po)/a8 


forebody exis) force coefficient, Cy - Cy 


pitching-moment coefficient; eer ae 
REP 


yeving-moment coefficient; eng ponent 
rolling-moment coefficient; Reet 


Stebility-Axis Systen 
lift coefficient; ae 


drag coefficient; Tf 
bese-drag coefficient; ae eee 
forebody drag coefficient; Cp - Cy. 


side-force coefficient; site re 
, q 


pitching-moment coefficient; | er 
WL REP 
yewing-moment coefficient; eels oment 


rolling-moment coefficient; rolling soment | 


lift-to-dreg ratio; ¢,/C) | 
Lift to forebody drag ratio; (,/Co, 

































"NOMENCLATURE (CONTIMUED ) 
Surface Definitions 


DEFINITION 


mmr + 


aileron, total aileron deflection angle, 
degrees, (left aileron - right aileron)/2 


e. svator, surface deflection angle, positive 
deflection, trailing edge dcwn; degrees 


body flap, surface deflection angle, positive 
deflection, trailing edge down; degrees 


speed brake, split rudder deflection angle, 

left split rudder trailing edge left and 
split rudder trailing edge right, 

dre = (Sry, + byR)/2, positive deflection; 


degrees 
left elevon, surface deflection angle, 


positive deflection, trailing edge down; 
degrees 


right elevon, surface deflection angle, 
positive deflection, trailing edge down; 


degrees 







ROMENCLATURE (Continued ) 
ADDITIONS TO STANDARD NOMENCLATURE 
PLOT 
SYMBOL SYMBOL DESCRIPTION 
Cp CPB Fuselage base pressure coefficient 





GS pod base pressure coefficient 


Cavity pressure coefficient 


# 
ga § 


Cavity axial force coefficient 


Ap Fuselage bese area, ft“ 


Ary OMS pod bese area, ft 





Ago Sting cavity base area, ft“ 


¥ 





Elevon hinge moment coefficient - inboard 


Stem Ags 


ins 


Elevon hinge moment coefficient - outboard 


Rudder hinge moment coefficient 


Be ieee wage Beare sag ay SFG Sis ig es 
Rtn aagciik wine ee 


Klevon hinge moment cocfficient - total 


Static pressure 
Total pressure (psf) 
Average total tenperature 


Center of pressure location, percent 
body length 
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NOMENCLATURE (Concluded) 


Be ey Te es Ce ea Eee ee en ct ee 





ADDITIONS TO STANDARD NOMENCLATURE 
PLOT 
SYMBOL SYMBOL DESCRIPTION 
ALFLDX ALFLDX Angle of attack at maximum lift/drag 
ratio, degrees 
CDAFO CDAFO Drag coefficient at angle of attack 
of zero degrees 
CDFAFO CDFAFO Forebody drag coefficient at angle of 
attack of zero degrees 
CLAFO CLAFO Lift coefficient at angle of attack of 
zero degrees 
CLMAFO CLMAFO Pitching moment coefficient at angle of 
attack of zero degrees 
CLMCLO CLMCLO Pitching moment coefficient at lift 
coefficient equal to zero 
CHRDR CHRDR Rudder hinge moment coefficient due fy 
to rudder ~ 
CHRDLB CHRDLB Rudder hinge moment coefficient due 
to beta 
L/D MAX L/DMAX Maximum lift/drag ratio 
CLLDMX CLLDMX Lift coefficient at maximum lift/drag ratio 
CLMAFT CLMAFT Pitching moment coefficient at art C.G. 
location 
DCY/DB DCY/DB side force due to beta, per degree 
DCYNDB DCYNDB Yawing moment due to beta, per degree 
DCBLDB DCBLDB Roliing moment due to beta, per degree 


Sons ORT maa An een ean CrNRed EI ally la inca 
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MODEL DESCRIPTION 





The models used for this investigation were 0.015 scale representa- 
tions of the SSV Orbiter Configuration 2A(VL70-000089B) and Configuration 
3(VL70-000139B). Both models were tested with variable elevon, aileron, 
body flap, speed brake and rudder deflections. The Configuration 3 model 
contained fuselages with both a basic nose and a cambered nose. 


Configuration 2A consisted of the following components: 
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Symbol Definition 
Big | ‘Basic 2A fuse (VL70-000089B, -000092A, 
| | -000093, - ) 
Cs Basic 2A canor: (VL70-000092) 
D7 ending ae arm housing (VL70-0000924, 
E18 Elevons that provide a swept-forward trailing 


a ein ait he re RAR deec Dy  S Tesh SAM ay Seh Zo Sih 2S nt aid Bde BN Rig Sipe ee Se lt Bas ap cpm Nad 20 ee - 


_ edge on the basic wing (VL70-000093), é. = -ho, 
-20, 0, LO, 20 da = QO, 5 


4 Fi, Basic 2A body flap (VL70-000094), 4» = -14.25, | 
ae 0, 13.75 : 
: M3 Basic 2A orbital maneuvering system (OMS )-reac- 
: _ tion control system (RCS) pods (VL70-000091 ) 


Rs | Split rudder for vertical tail (VL70-000095); 
én = “10, 0 ésp al 54.92 


V5 Basic 2A vertical tail (VL70-000095) 
W87 Basic 2A wing with swept forward trailing edge 
(VL70-000093 
4 X16 Boundary layer transition strip. 
: Configuration 3(VL70-000139B) consisted of the following components: 
Symbol Definition 
Big Basic Configuration 3 fuselage with deviation 


in the aft contour lines (VL70-000139B) 





pea ee ae ef eas 


+ gene tees: wera eed 
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Symbol 
Boy 


C7 


Eo3 


V7 
Wio7 


Xe 
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MODEL DESCRIPTION (CONCIUDED) 


Definition 


Alternate cambered forebody built by LRC 
with different nose shape from Big 


Basic Configuration 3 canopy built to Lines 
Drawing VL70-000139B 


Elevons that provide a s:cpt fcrward trailing 


edge on the basic wing (11107) built to Lines 
Drawing VL70-000139B, 6. = -44, -24, 0, LI 


Basic Configuration 3 body flap (VL70-000139) 
by = «J, 25, 0, 13.75 


Basic Configuration 3 OMS-RCS pods (VL70-000145) 


Basic Configuration 3 rudder (VL70-000139B), 
dp = -10, O dap = 54.92 


Basic Configuration 3 vertical tail built to 
Lines Drawing VL70-000139 


Basic Configuration 3 wing with incidence angle= 
1/2 degree built to Lines Drawing VL70-000139B 


Boundary layer transition strip. 


Table III and Figure 2 provide a complete description of the test 
models. Figure 3 presents photographs of the model installed in the test 


facility. 
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FACILITY DESCRIPTION 


The NASA LRC 4 foot Unitery Plen Wind Tunnel (UPWT) is a closed- 
circuit, continuous flow, variable density facility. The test section 
is 4 feet by 4 feet by 7 feet long. 

Two tunnel legs are avai leble for supersonic testing in the Msch 
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2). 

All of these tests were made in Leg No. . An asymmetric, sliding block 
nozzle position end total pressure setting provide the test Mach numbers 
at a specified Reynolds number. Reynolds number can be varied from 0.76 
to 7.78 aiden pay foot. Available stagnation pressure variation is 
4.0 to 142, psia. Dynemic pressure variation is 95. to 1260. psf with 
normal operating stagnation temperature about 150°F in Mach modes 2 or 3 
end about 175°F in Mech mode 4. The tunnel is equipped with a dry air 
supply, an evacuating system, end ea cooling system. The facility power 
is approximately 83,000 horsepower. 

Model mounting provisions consist of verious sting arrangements, 
including axial (longitudinal), leterel (independent pitch end yaw), 
end roll movement with side well support. A Schlieren system and oil 
flow visualization equipment are available. Deta are recorded at the 
tunnel and reduced off-line at the Lengley Computer Center. The tunnel 
is used for force end moment, pressure, and dynemic stability tests. 

Hot and cold jet effects and heat transfer have been studied in the UPWT. 
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DATA REDUCTION | iy | 


Balance measured force and moment data were reduced about body and 
stability axes with origins as follows: 





Configuration C. G. Limit | Moment Reference Point 


(reference) % body length inches off 
of nose 
$$ CO nt 





2a forward 66 876.48 
2a aft 68 903.05 
3 forward | 65 838.48 
3 aft 67 864.29 





These data were reduced to coefficient form using the following: 


Symbol Description Value 
Model Full Scale 
8 Wing Theoretical Area 0.0605 ft? 2690 tt? 
c Wing Theoretical MAC 7.122 in. 474.8 in. | 
b Wing Span 14,050 in. 936.68 in. () 


Pressures were measured on the model fuselage base, OMS pod case, 
and balance cavity, respectively. These pressures were reduced to coef- 
ficient form and used to compute base axial force as follows: 


= + + 
where: 


0.045 ft? model scale OMS pods on 
body flap on 
An = fuselage base area = 0-048 ft? model scale OMS pods on 
body flap off 
0.047 ft? model scale OMS pods off 
body flap on 


Pee Eat oe es Hig Ni gt ER CUE RT ANE ES RENEE ARE AI ELON OLAS Vie REE VENI on AW a nal eae asd eat ce wet tpn) 


An, = OMS pods base area = 0.019 ft? model scale 


4 
; 
3 
j 
3 


As. = balance cavity area = 0.034 ft* model scale 


! 
i 
? 
i 
i 
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DATA REDUCTION (CONTINUED ) 


Hinge moment data were measured on the configuration 24 rudder, in- 
board elevon, and outboard elevon. These data were reduced to coefficient 
form using the following reference data: 


1.116 in. model scale = 74.4 in. full scale 


rudder MAC = 

rudder area = 0,022 ft model scale = 98.67 ft full scale 

elevon MAC = 1.360 in. model scale = 90.67 in. full scale 

elevon area = 0.046 ft? model scale = 205.52 ft®© full scele 


Both inboard and outboard elevon hinge moment data were reduced using 
total elevon reference dimensions. Inboard and outboard elevon hinge 
moment coefficients have been summed to provide total elevon hinge moment 
for presentation in this report. 
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DATE 3 6/1/73 





TEST ? OAL (LaRC UPWT #1035 
TEST CONDITIONS 


| REYNOLDS NUMBER DYNAMIC PRESSURE {STAGNATION TEMPERATURE 
MACH NUMBER (pet unit fout) (pounds/S). foot (degrees Fatvenheit) 


2.5 2.5x10 150 
3.9 150 
4.6 150 














2.5x10 


8 


* 


BALANCE UTILIZED: __NASA/LaRC_832B 


EFFI 
CAPACITY: ACCURACY: TOLERANCE! 


4 


NF = ,. 000. 1b. 
sf 250. 1b. 


AF 8 85 be 
py 2000 in. -lb. 


1) eb 1°02 8 PRA PY 
Y 1000 in,.-lb. 


nil 
ih 


COMMENTS: Hinge Moment Balances on rudder, inboard elevon, and outboard 
elevon. 
Pressure orifices on fuselage base, OMS base, and balance 
cavity (1 each). 
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TABLE III. 
MODEL DIMENSIONAL DATA 


O MODEL COMPONENT: BODY - ™0 


GENERAL DESCRIPTION: Fuselaze, 2A Configuration, Lightweisht Orbiter. ;er 


Rockwell Lines VIL70-OQQO089B 


~enmeiwes 








scale Lode) 0.01 
V1L79--G00089 5% 
DRAWING NUMBER: VL70-000092, 93, 9% 4 
DIMENSIONS: | FULL-SCALE MODEL SCALE 
Length - IN. ' 4328.3 19.9250 
Max. Width - IN. (@ X,+1528.3) 265.0 3.97500 
Max. Depth - IN. (@ Xo=1480.52) 248.0 3.5200 
Fineness Ratio OL §.012 
C) Area - 12 
Max. Cross-Sectional 456.4 0.10269 
Planform 
Wetted 
Base 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: BODY - B19 





GENERAL DESCRIPTION: Fuselage, 3 Configuration, Lightweight Crbiter 
, per Rockwe)l Lines VL70-000139B 





Model Scale 2 (0.015 


DRAWING NUMBER: 





DIMENSIONS: 


Length - IN. 
Max. Width - IN. 
Max. Depth - IN. 
Fineness Ratio 
Area - FT@ 
Max. Cross-Sectional 
Pianform 
Wetted 


VL70-000139B 


FULL-SCALE 


ai. 


4 .82175 


386.67 


* 


oA Ta AE Pam ey AR CIS iA EIR IC? OR RR OAC EE: RO URNS fA A am Ea ci Oe tS 


MODEL SCALE 


mh 3 2K50 
4.01400 
3.66750 
4.82175 


0.08700 
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TABLE III. (CONTLAUED) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT :DOPY = Bo 
GENERAL DESCRIPTION : _Same_as Blo with alternate cambered forsbody. 


built by LRC. 





el 


MODEL SCALE = 0.015 





DRAWING NUMBER « 


DIMENSIONS 


Length 

Mox Width 

Mox Depth 
Fineness Ratio 
Arec 


Mox. Cross-Sectional 
Plonform 


Wetted 
Bose 


a 
F 
¥ 
' 





YLT TT 





MODEL SCALE 











Oe Seen 
eer Rip cr ee ame Are 


DRAWING NUMBER 


TABLE III. (CONTIMJED) 


MODEL COMPONENT: CANOPY - C5 


é 
ge 


GENERAL DESCRIPTION: _ 2A Configuration per Lines VL70-000092 








Scale Model = 0.015 eee eee eee ee eae ee 


DIMENSION: 
Length (Sta Fwd Bulkhead) 
Mex Width (T.E. Bulkhead) 
Mex Depth (WPZ, = 421.922 to Z,= 500) 


Fineness Rotio 

Arec 
Mex Cross-Sectional 
Plonform 
Wetted 
Bose 


, -W170-000002, 
FULL SCALE 


391.0 


1] TE 


Hin 


MODEL SCALE 


5.86500 
8.4,0000 














, GENERAL DESCRIPTION: _ Conviguration 3 per Rockwell Lines VL70-0002.39 


Sess GGaseSiaenseeesasavunantne anemsner o» 





Model Seale = 0.015 

















DRAWING NUMBER . 
DIMENSION: ; | FULL SCALE MODEL SCALE 
Length (Xo = 433 to Xy = 670) - in. FS) 237 3.55 
Men Width 3 : 
Mex Depth (Zo = to Z, = 50h) ~ in Ps | - | 
Fineness Ratio 
rene | TD LT Be 
Max Cross-Sectional 
Pienforn re | 
Wetted —_— 
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TABLE III. (CONTINUED) 





MODEL COMPONENT; MANIPULATOR HOUSING -D7 tC; 2 a 2.4 


t) 
+ 


{ 
| 
GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL70-000093 - 7 | 








Scale Model = 0.015 


DRAWING NUMBER "_¥L70-000093 








DIMENSION: a | FULL SCALE © MODEL SCALE | 
| Length - IN. : 881.00 1321500 : 


Mex Width - IN. 51.00 0.76500 

















Mex Depth - IN. | 23.00. 0.34500 : 
. Fineness. Ratio — : | ! 


Max Cross-Sectional 
Planform ry) 


g Fuselage BP = 0.00 2 


WP = 500.0 INFS 
Xo 426.0 to 1307.0 INFS 
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TABLE III. (CONTINUED ) 





MODEL COMPONENT: ELEVON E-18 


GENERAL DESCRIPTION: 2a Configuretion per W-87 Rockwell Lines 
VL70-000093 data for (1) of (2) sides 











Scale Model = 0.015 





DRAWING NUMBER: VL70-000093 


DIMENSIONS ; FULL-SCALE _ MODEL SCALE 





Area. ~ FT? 205.52.  -_0. 062 
Span (equivalent) - IN. 353.34 5.30010 
Inb'd equivalent chord 114.78 1.72170 
Outb'd equivalent chord 55.00 , 0.82500 


os Ratio movable surface chord/ 
Ca 3 total surface chord 


tae ae 


we ae Re a PE gS CR ETE ERS? eid i  . SieF = Soke Es plata RE all lean ee 5 a RR a i es F 


At Inb'd equiv. chord 208 «208 
At Outb'd equiv. chord | 24,00 «400 





Sweep Back Angles, degrees 





Leading Edge | 0.00 “7 0,00 : 
'. . Tatling Edge * "210.24 210.24 | 
Hingeline | 0.00 0.00 | 


Area Moment (Normal to hinge line)- FT? _ 1548.07 0.00522 : 
Product of Area Moment ae ee eee Eo 


% 
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TABLE III. = MODEL DIMENSIONAL DATA - Continued. 


| MODEL COMPONENT: _ELEVON - £23 | 


| ; GENERAL DESCRIPTION: Configuration 3 per W107 Rockwell Lines. 


¥L70-0001393, date for (1) of (2) sides 


SA A SES SSSA Ps SS ess Soatshsesseastshemestsecneen 


Model Scale = .015 














DRAWING NUMBER: VL70-0001398 

DIMENSIONS: | FULL-SCALE MODEL SCALE 
“cde = FT2 205.52 0.04624 
Span (equivalent) - IN. 353.34 5 30010 
Inbd'd equivalent chord 114.7 1.72170 
Outb'd equivalent chord §5.00 0.8250 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord | 208 2208 
At Outb'd equiv. chord | 4,00 1,00 
Sweep Back Angles. degrees “= 
+. ledding Edge INTE G00 " * 29,00 
tailing Edge goa town 
| Hingetine | 0.00 0.00 
Aree Moment (ormal te binge line)= FT? _ 1548.07 0.00522 
’ 
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TABLE III, (CONTINUED) 


MODEL COMPONENT: _F& BODY FLAP 


$e 


GENERAL DESCRIPTION: 24 Configuration per Rockwell Lines VL70-00009i.4 











Scale Model = 0.015 | | 
































DRAWING NUMBER - ___ VL70-00009A 
DIMENSION: . FULL SCALE = MODEL_SCALE 
Length 84.70 1.27050 
Mox Width 265.00 3.97500 
Max Depth 
Fineness Ratio ° | 
Area - FT2 : 
Mex Cross-Sectional | 
Planform ? 


Wetted 
Base 
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TABLE IIT. (CONTINUED) 


MODEL COMPONENT: _P5 Body Flap | zo 


ae a 





we ee ae ee pe tee A 


a . 
cone : 
Bee ee Eee ‘imitate 
Be 
f 
4 





? Seale Model = 0.015 | a 









































) DRAWING NUMBER _ _-¥L70-0001398 | | 
2 DIMENSION: _ _ FULL SCALE MODEL SCALE a 
Length - in B,.70 1.27050 : 
Mex Width - in 267.6 01400 _- 
Fineness Ratio 
Areo - Ft* 
Max Cross-Sectional = — 4 
Plonform 1,0..00 0.03150 ae | 
Save 38.0958 0.00857 3 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: OMS POD - 3 : 
GENERAL DESCRIPTION: _ 2 Lightweight Configuration rer Reckwel), Lines 
VL70-00009LA eee , | 








Scale Model = 0.01 


DRAWING NUMBER -__YE70-000094A 
DIMENSION: _ - BYLL SCALE = MODEL SCALE 





Length | | 346.0 5.1900 
Mox Width X, = 1450.0 | 108.0 1.6200 
Mox Depth X, = 1500.0 113.0° 1.6950 __ 


Fineness Ratio — 





























Areo . 
Max Cross-Sectional ee eee 
ee Planform 
ime Wetted a 
‘| a bos a, Sas 


g’ oF OMS POD 

WP = 463.9 INFS; WP 400 + 63.9 = 463.9 
BP = 80.0 INFS 

LENGTH 1214.0 to 1560.0 = 346.0 INFS 
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TABLE III, (CONTINUED) 


MODEL COMPONENT: Se 


GENERAL DESCRIPTION: Configuretion 3 per Rockwell Lines VL70-000139 
. STL ET I TSS a I A AAS I AI I IR a COTES, 










NOTE: Mi identical to M3, except intersection to fuselage. . 


“Model Scales 0.05 ssa 





























ORAWING NUMBER _ _yi70-000239 8 
length - IN. 3146.0 5.19000 
Mox Depth ~ IN | 113.0_ 1.69500 
Fineness Rotio | | : 
Areo - Fr? 
Mex Cross-Sectional _ 
Plenform ' 






Wetted 
Bose 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: NS - OMS Noggle 
G GENERAL DESCRIPTION: Basic OMS nozsle of the 2A Configuration per 
Rockwell Lines VL70-008306 and VL70-000069"B" 





Scale Model = 0.015 | 


DRAWING NO. VL70-006306, VL70-000089"B" , SS-A00092 
DIMENS IONS FULL-SCALE MODEL SCALE 


MACH NO. re 




































DIAMETER DEX ~ IN 50.00 0.75000 
DIAMETER DT ~ IN N/A N/A 
‘ DIAMETER DIN ~ IN : 28.00 0.42000 | 
ON ~ DEGREES N/A N/A | 
AREA - Ft? ! 
CO MAX. CROSS-SECTIONAL | 13.635 0.00307 
GIMBAL ORIGIN Xp y 
LEFT NOZZLE ~ IN. 1518 __~88 0 492 
RIGHT .0ZZLE ~ IN, 1518 +880 492 
NULL POSITION PITCH YAW 
LEFT NOZZLE - DEG 15° 49! ~12° 17' 
RIGHT NOZZLE - DEG 15° 49) +12° 17! : 


INTERSECTION OF NOZZLE 
EXIT PLANE AND NOZZLE 





Ba OANA Bem ee tae - 


CENTERLINE: — IN. Xo a 1570.75 23. 56125 
To em +99.25 1.48875 








Zo = 307.25 7.60875 
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TABLE ITI. (CONTINUED ) 
" MODEL COMPONENT: __ RUDDER - Rd | 7 Le | 
GENERAL DESCRIPTION: _ 2A, 3 and 3A Configuration per Rockwell Lines 
VL70-000095 
Sean ero a a j 


| Model Scale = 0.015 





mammal 


, IBRAWING MUMBER : VL70-000095 





| " -MEMENS IONS: FUL.-SCALE MODEL SCALE | 
Area ~ ¥r2 98.67 0 
Span (equivalent) - IN. 201.0 3.01500 
Inb'd equivalent chord 91.585 1.37378. 
Qutb'd equivalent chord 50,833 0.76250 
gk pe on ig a 
At Inb'd equiv. chord | 0.400 0.400_. J 
| At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 
Leading Edge 34.83 34.83 : 
Tailing £dge 26.25 26.25 3 
Hingeline 31.83 44.83 
Area Moment (Normal to hinge line)- FT? _ 526.13 0.00178 
! Product of Area end Mean Chord , 
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WABLE III, (CONTINUED) 


MODEL COMPONENT: VERTICAL ~ V5 (Lichtwsieht Orbiter Confizuretion) 
GENERAL DESCRIPTION; Centerline Verticel Tail, Doublewedge Airfoil with 


Rounded Leadinz Fdce 





Scale Model = 0.015 











DRAWING NUMBER: VL70-000095 
DIMENS TONS ; FULL -SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) Ft@ 413.25 9.09208 
 Planform 
Span (Theo) In 2 
Aspect Ratio 1.675 
— “t gd 0,597 
aper Ratio 0.404 
cs? rire > on degrees 
acing cage — Hg 
Trailing Edge 26, 21:9 
0.25 Element Line 4) 1.30 
Chords : 
Root (Theo) WP 0 
Tip (Theo) WP 
MAC | 
Fus. Sta. of .25 MAC 
vs oo ae 
e be OF fo 
Metal ite Age =, 
eading Wedge Angie g 0,000 
Trailing wedge Angle Deg 14,920 
Leading Edge Radius 2,09 
Void Area __ 14). 
Blanketed Area ___.32,£..- .0.002P5 
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TABLE IIT. (CONTINUED ) 


MODEL COMPONENT s__VERTICAL ~ V7 
GENERAL DESCRIPTION: __ Centerline vertical tail, doublewedce airfoil} with 





Tratl fag Eg 
Fall tAg 
0.25 Element Line 


Rect (Theo) WP 
Li a lla 


fo Sta. of .25 MAC 
Ww. P. of .25 MAC 
B. L. of «25 MAC 
Airfoil Section oad wa 
e 
Deg 
















Leading Wedge 
Ewa gS — 
us 
Yotd ae ne 
Slanketed Area 








“f IAP REIN EE NA ok OF AME VIR i AB 2: eA REA EON NOC 





TABLE III. (CONTINUED) i. 
MODEL COMPONENT: WING-W_87 New Lichtweicht Orbiter 
GENERAL DESCRIPTION: Orbiter Conficuret 2 


: (NOTE: Dihedral angle is de BabLatbietth Deed tate 
75.33% element line projected into s plane perpendicular to the 





Scale Medel = 0.0) 


HST, WG, NO._VL70-000093___ 
DIMENSIONS s FULLSCALE MODEL, SCALE 





Span (Theo In. 

Aspect Ratio 

Rate of Taper 

a Taper Ratio 

ee Othedral Angie, degrees 
Ee Incidence Angle, degrees 
ie ; Aerodynamic Twist, degrees | 
| _ an Pore | ae degrees 


4 Tretliag = 
‘ ons Element Line 
4 si 
4 : at thee BP. 468.341 
4 - Pus. Sta. of .25 MAC 
a : WLP. of 025 MAC 
BL. of .25 MAC : 
EDTA lg 
Ft 


a 

Span, ,Thw) In. BP108 to 468.341 
A Ratio 

Taper Ratio 

Cho 


rds 
Root BPI0S 
Tip 1,00 5 





MAC 
Fus. Sta. of .28 MAC 
MAC 


WP. ° 
B.L..of 225: MAC 
Airfoil Section (Rockwell Mod NASA) 
mepeus , 
THe Ee 2.00 0.12 0.12 


Data for (1) of (2) see 
pet i te 


Leading Edge Intersects Fus MH, L. @ Ste ee : 
Leading Edge Intersects king @ Sta URS 
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aes TABLE III. (CONCLUDED) 


MODEL COMPONENT: — WINGeW 307 
GGMERAL DESCRIPTION: Confizuration 3 ser Rockwell Lines V1.70-0001399 
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Tabulations of plotted data are available 
on request from Data Management Services. 
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